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FIG. 4
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1
ENERGY-STORING UNIT WITH FORCING
MECHANISM, AND ON-LOAD TAP
CHANGING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japan Patent Application No. 2011-070782,
filed on Mar. 28, 2011, the entire contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an on-load tap changing
device and an energy-storing unit with a forcing mechanism.

BACKGROUND

In recent years, a transformer, etc., is often provided with
an on-load tap changing device that changes a voltage while
applying a load current to the transformer, etc. It is important
for the on-load tap changing device to ensure the swifiness of
a tap changing operation, and thus large changing torque is
obtained from an energy-storing unit. According to an
energy-storing unit, stored spring force is released at once to
rotate a crank at a fast speed, thereby performing a changing
operation of a tap changer coupled with the crank within a
short time.

The energy-storing unit is provided with a catch which is
engaged with a craw formed on the crank and which holds a
rotation thereof. The catch is once disengaged from the craw
of'the crank when releasing spring force, but after the chang-
ing operation of the tap changer completes and the crank
rotates by a predetermined amount, the catch is engaged again
with the craw of the crank. A position where the catch is
engaged with the craw of the crank is referred to as a catch
standby position.

Meanwhile, when a disturbance or a defect of the tap
changer, etc., occurs, and necessary changing torque for the
changing operation of the tap changer increases, there may be
a case that the rotation amount of the crank becomes insuffi-
cient, and thus the craw of the crank does not reach the
position of the catch, i.e., the catch does not return to the
standby position in some cases. In this case, the catch is
unable to be engaged with the craw, and to hold the rotation of
the crank. Accordingly, it becomes difficult for the energy-
storing unit to store spring force.

Hence, the energy-storing unit is provided with a forcing
mechanism (see, for example, Patent Document 1) as an
insurance mechanism when the catch does not move to the
standby position. The forcing mechanism is a mechanism that
forcibly moves the catch to the standby position after the
original operation of the energy-storing unit.

Hereinafter, with reference to the perspective views of
FIGS. 8 and 9, a detailed explanation will be given of an
example conventional energy-storing unit with a forcing
mechanism in an on-load tap changing device. As illustrated
in those figures, an energy-storing unit is provided with a
drive shaft 10 coupled with an electric actuation mechanism
(unillustrated), and an eccentric cam 11 is attached to the
drive shaft 10.

As illustrated in FIG. 8, the eccentric cam 11 is engaged
with ahoist case 12 which is linked with the drive shaft 10 and
the eccentric cam 11 reciprocates linearly in synchronization
therewith. When the hoist case 12 moving linearly reaches a
predetermined position, the hoist case 12 is set to release the
engagement of a catch 15 with the craw of a crank 14 to be
discussed later.
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FIG. 9 illustrates a condition in which the hoist case 12
illustrated in FIG. 8 is detached. Disposed on the bottom face
of'the hoist case 12 are a spring (unillustrated) and an energy-
storing case 13. The energy-storing case 13 reciprocates lin-
early together with the hoist case 12 through the spring.

The crank 14 that rotates in synchronization with the
energy-storing case 13 is coupled to the bottom face of the
energy-storing case 13, and a tap changer (unillustrated) is
coupled with the crank 14. Moreover, the catch 15 is disposed
near the crank 14. The catch 15 is configured to be engaged
with the craw of the crank 14 at the standby position.

According to such an energy-storing unit, when the drive
shaft 10 rotates upon reception of drive force from an electric
actuator mechanism, the eccentric cam 11 rotates together
with the rotation of the drive shaft 10. Hence, the hoist case 12
linked with the eccentric cam 11 linearly moves. The hoist
case 12 moving linearly applies force to one end of the spring,
while causes the energy-storing case 13 contacting the spring
to reciprocate linearly. At this time, since the catch 15 at the
standby position holds the rotation of the crank 14, the crank
14 does not rotate even though the energy-storing case 13
moves linearly. Hence, the spring is accumulating spring
force along with the linear motion of the hoist case 12.

When the hoist case 12 that moves linearly reaches a pre-
determined position, the hoist case 12 disengages the craw of
the crank 14 from the catch 15, and thus the catch 15 is
released. Hence, the spring releases the spring force, and thus
the energy-storing case 13 moves linearly at fast speed due to
the spring force by the spring, and, the crank 14 in synchro-
nization with the energy-storing casing 13 rotates at fast
speed. The crank 14 transmits this rotation force to the tap
changer, and the tap changer becomes able to perform a
fast-speed tap changing operation.

Next, an explanation will be given of the structure of the
forcing mechanism built in the energy-storing unit. The forc-
ing mechanism includes a loading cam 16 in a special shape
and formed on the eccentric cam 11, and abearing 19 attached
to the energy-storing case 13 (see FIG. 9). When rotating
together with the eccentric cam 11, the loading cam 16 abuts
the bearing 19, and pushes the bearing 19 in accordance with
the shape of such a cam.

According to such a forcing mechanism, the loading cam
16 pushes the bearing 19 while utilizing the rotation torque of
the drive shaft 10, thereby causing the sliding motion of the
energy-storing case 13, and thus the crank 14 linked with the
energy-storing casing 13 is forced to rotate. Hence, if a dis-
turbance, etc., occurs and necessary changing torque for the
changing operation of the tap changer increases, it becomes
possible to avoid a case in which the rotation amount of the
crank 14 becomes insufficient. Accordingly, the catch 15 can
surely move to the standby position where the catch is
engaged with the craw of the crank 14. According to the
energy-storing unit including the above-explained forcing
mechanism, even if a disturbance or a breakdown, etc.,
occurs, the catch 15 is always engaged with the craw of the
crank 14, and thus the energy-storing unit can stably store
spring force.

RELATED TECHNICAL DOCUMENTS
Patent Document

[Patent Document 1] JP 2008-258259 A

The conventional forcing mechanism has, however, the
following disadvantages. That is, as the loading cam 16 rotat-
ing together with the eccentric cam 11 pushes the bearing 19,
the contact point between the loading cam 16 and the bearing
19 becomes distant from the rotation center of the eccentric
cam 11.
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Hence, when the rotation of the loading cam 16 advances,
loading torque increases. Moreover, as the rotation of the
loading cam 16 advances together with the eccentric cam 11,
apressure angle becomes large, and thus a resistance from the
bearing 19 becomes large. This is also a factor of loading
torque increase.

When the loading torque in the forcing mechanism is large,
in order to let the forcing mechanism to stably operate, with
respect to components configuring such a mechanism,
extremely precise shapes are necessary, and thus it is neces-
sary to precisely manufacture the components. In addition,
according to the above-explained forcing mechanism, the
eccentric cam 11 is manufactured in such a way that the
loading cam 16 in a special shape is attached thereto. Hence,
attachment work is a difficult work, and the number of manu-
facturing steps increases.

As explained above, the forcing mechanism is an insurance
mechanism for a changing operation by the tap changer when
a disturbance or a breakdown occurs, and thus it is necessary
for the forcing mechanism to stably operate. Hence, no reduc-
tion of the precision of the component is permitted which
disturbs the stable driving, and the number of manufacturing
steps is large. Accordingly, the manufacturing costs increase,
resulting in a deterioration of a cost performance.

The present disclosure provides an embodiment of for
addressing the above-explained disadvantages, and it is an
object of the present disclosure to provide an energy-storing
unit with a forcing mechanism and an on-load tap changing
device provided with the same which employ an inexpensive
and simple structure, and which enable a stable driving while
suppressing loading torque.

SUMMARY

To accomplish the above object, according to an embodi-
ment, there is provided an energy-storing unit with a forcing
mechanism. The energy-storing unit includes: an eccentric
cam linked with a drive shaft and moving in synchronization
therewith; a hoist case which is linked with the eccentric cam
and which reciprocates linearly in synchronization with the
eccentric cam; a spring attached to the hoist case; an energy-
storing case which is linked with the hoist case through the
spring and which reciprocates linearly in synchronization
with the hoist case; a crank which is linked with the energy-
storing case and which rotates in synchronization with the
energy-storing case; and a catch that is engaged with the
crank at a predetermined standby position to lock a rotation of
the crank and to compress the spring. The forcing mechanism
built in the energy-storing unit employs a following structure.

That is, the forcing mechanism includes: a protrusion
attached to the eccentric cam; a bearing attached to atip of the
protrusion; and a loading cam attached to the energy-storing
case. The loading cam contacts with the bearing to rotate the
crank through the energy-storing case, and moves the catch to
the standby position.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a typical embodiment as
viewed from the top;

FIG. 2 is a perspective view of the typical embodiment as
viewed from the bottom:;

FIGS. 3A to 3F are plan views illustrating an operation of
the typical embodiment;

FIG. 4 is a graph for comparing a loading torque between
a conventional technology and an embodiment;

FIG. 5 is a perspective view of another embodiment;
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FIG. 6 is a graph for comparing a loading torque between
a conventional technology, the typical embodiment and
another embodiment;

FIG. 7 is a graph for comparing a rotation angle between
the typical embodiment and another embodiment with
respect to a stroke distance of a loading cam;

FIG. 8 is a perspective view illustrating a conventional
energy-storing unit with a forcing mechanism; and

FIG. 9 is a perspective view illustrating the conventional
energy-storing unit with the forcing mechanism.

DETAILED DESCRIPTION

A detailed explanation will be given of an energy-storing
unit with a forcing mechanism according to an embodiment
with reference to FIGS. 1 to 7. The embodiment has a tech-
nical feature in the forcing mechanism, and the basic structure
and operation of the energy-storing unit are the same as those
of the conventional technology illustrated in FIGS. 8 and 9.

[Structure of Energy-Storing Unit]

First, a structure of the energy-storing unit of this embodi-
ment will be explained in detail with reference to FIGS. 1 and
2. As illustrated in FIG. 1, the energy-storing unit is provided
with a drive shaft 1 coupled with an electric actuator mecha-
nism (unillustrated), and an eccentric cam 2 moving in syn-
chronization with the drive shaft 1 is attached to the drive
shaft 1. A spring 3 is disposed adjacent to the eccentric cam 2,
and an energy-storing case 5 is provided below the eccentric
cam 2 and the spring 3 in a manner contacting with the spring
3. The energy-storing case 5 reciprocates linearly in synchro-
nization with a hoist case 4 to be discussed later through the
spring 3.

As illustrated in FIG. 2, the hoist case 4 is disposed on the
top face of the energy-storing case 5. The hoist case 4 recip-
rocates linearly in synchronization with the eccentric cam 2.
FIG. 1 is a perspective view of the embodiment as viewed
from the top, but in order to facilitate understanding, the hoist
case 4 is detached.

As illustrated in FIG. 2, a crank 6 is coupled to the bottom
face of the energy-storing case 5. The crank 6 rotates in
synchronization with the energy-storing case 5, and transmits
rotation force to a tap changer (unillustrated). A catch 7 is
disposed near the crank 6 so as to be detachably engaged with
a craw 6a of the crank 6.

The catch 7 is engaged with the craw 6a of the crank 6 at a
standby position set in advance to restrict the rotation of the
crank 6, thereby compressing the spring 3. The engagement
of the catch 7 with the craw 6a of the crank 6 is set to be
disengaged by the hoist case 4 that has moved linearly by a
predetermined stroke. The energy-storing unit includes the
above-explained members, i.e., the drive shaft 1, the eccentric
cam 2, the spring 3, the hoist case 4, the energy-storing case
5, the crank 6, and the catch 7.

[Operation of Energy-Storing Unit]

An explanation will be given of an operation of the energy-
storing unit employing the above-explained structure. That is,
when the drive shaft 1 rotates upon receiving drive force from
the electric actuator mechanism, the eccentric cam 2 operat-
ing in synchronization with the drive shaft 1 rotates, and the
hoist case 4 linked with the eccentric cam 2 moves linearly.
The hoist case 4 that has moved linearly applies force to one
end of the spring 3, while causes the energy-storing case 5
contacting with the spring 3 to reciprocate linearly.

The crank 6 linked with the energy-storing case 5 attempts
to rotate in accordance with the linear reciprocal motion of the
energy-storing case 5, but the catch 7 at the standby position
is engaged with the craw 6a of the crank 6. That is, the rotation
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of the crank 6 is held, and the spring 3 accumulates spring
force in accordance with the travel of the hoist case 4.

When the hoist case 4 linearly moves by a predetermined
stroke, the hoist case 4 releases the engagement of the catch 7
with the craw 6a of the crank 6. Accordingly, the catch 7 is
disengaged, and the spring 3 releases the spring force. As a
result, upon receiving the spring force released by the spring
3, the energy-storing case 5 linearly moves at fast speed, and
the crank 6 moving in synchronization with the energy-stor-
ing case 5 rotates at fast speed. The crank 6 transmits rotation
force to the tap changer, and the tap changer becomes able to
switch at fast speed.

[Structure of Forcing Mechanism]|

The embodiment has a feature that the above-explained
energy-storing unit is built with the following forcing mecha-
nism. As illustrated in FIG. 1, the forcing mechanism includes
a protrusion 8, a bearing 9, and a loading cam 17. Among
those components, the protrusion 8 is attached to the bottom
face ofthe eccentric cam 2, and the bearing 9 is attached to the
tip of the protrusion 8.

The loading cam 17 is in an isosceles triangular shape
having a vertex that is substantially 90 degrees, and is
attached in such a way that the vertex faces along the right and
left edges on the top face of the energy-storing case 5 facing
with each other. The loading cam 17 slides when the bearing
9 disposed at the side of the eccentric cam 2 makes contact
with the loading cam 17, and the energy-storing case 5 slides
in synchronization with the loading cam 17.

Together with the sliding motion of the energy-storing case
5, the crank 6 linked with the energy-storing case 5 in syn-
chronization therewith attempts to rotate, but in this case, the
loading cam 17 is designed in such a way that, when the catch
7 moves to the standby position, the bearing 9 reaches the
vertex of the loading cam 17. That is, the loading cam 17
contacts the bearing 9 so as to rotate the crank 6 through the
energy-storing case 5, and moves the catch 7 to the standby
position.

[Operation of Forcing Mechanism]

Next, an explanation will be given of an operation of the
forcing mechanism of this embodiment with reference to
FIGS. 3A to 3F. That is, when the bearing 9 contacts the
loading cam 17 (FIG. 3A), the loading cam 17 starts sliding,
and along with the rotation of the eccentric cam 2 in the
counterclockwise direction, the bearing 9 pushes the loading
cam 17 in the right direction in the figure. This advances the
sliding motion of the loading cam 17 (FIGS. 3B to 3D).

Hence, the energy-storing case 5 to which the loading cam
17 is attached also slides in the right direction in the figure.
Next, when the catch 7 is engaged with the craw 6a of the
crank 6 and moves to the standby position (FIGS. 3E to 3F),
the bearing 9 reaches the vertex of the loading cam 17.

Advantageous Effects

The advantageous effects of this embodiment explained
above are as follows. FIG. 4 is a graph based on an assumption
that aload of 10 [N] is applied in the stroke direction, with the
horizontal axis being as a stroke distance of the energy-
storing case 5 that is slid by the forcing mechanism of this
embodiment or the energy-storing case 13 that is slid by a
conventional forcing mechanism, and with the vertical axis
being as a loading torque in each distance.

As illustrated in FIG. 4, in the standby condition before the
energy-storing case 5 slides, the loading torque of this
embodiment is merely %5 or so in comparison with the con-
ventional technology. In addition, the bearing 9 attached to
the eccentric cam 2 pushes the loading cam 17, thereby caus-
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6

ing the energy-storing case 5 to slide. Accordingly, there is no
change in a distance from the rotation center of the eccentric
cam 2 to the contact point between the bearing 9 and the
loading cam 17.

Hence, according to this embodiment, even if the rotation
of'the eccentric cam 2 advances, the pressure angle between
the bearing 9 and the loading cam 17 is always constant. As a
result, the loading torque at the contact point between the
bearing 9 and the loading cam 17 decreases as the stroke
distance of the energy-storing case 5 increases.

That is, according to this embodiment, conversely to the
conventional technology having the loading torque increas-
ing together with the rotation of the eccentric cam 11, the
loading torque to the drive shaft 1 gradually becomes small.
This embodiment can remarkably reduce the loading torque
in this manner. According to the example illustrated in F1G. 4,
in comparison with a time point at which the loading torque of
the forcing mechanism in the conventional technology
becomes maximum, the loading torque of the forcing mecha-
nism of this embodiment is substantially '/ of the conven-
tional loading torque.

According to this embodiment that suppresses the loading
torque in this manner, the forcing mechanism can operate
stably without the need of precise shapes and precise manu-
facturing of components unlike the conventional technology.
Hence, the forcing mechanism that is an insurance mecha-
nism when the catch 7 does not move to the standby position
can provide an excellent reliability.

Moreover, according to this embodiment, in addition to the
unnecessity of the use of expensive precise components, in
comparison with the conventional technology which has the
number of manufacturing processes that is likely to increase,
asimple structure is employed and thus the attaching works of
the loading cam 17 and the bearing 9 are quite simple. The
loading cam 17 is in a cam shape that is an isosceles triangle
having a vertex that is substantially 90 degrees, and thus the
rotation angle, the loading torque, and the stroke are well-
balanced in an optimized manner. Such a shape facilitates
machining, and thus the productivity is excellent. Hence, the
manufacturing costs can be reduced, and the cost perfor-
mance remarkably increases.

Moreover, according to the loading cam 17 that is an isos-
celes triangle having a vertex that is substantially 90 degrees,
the contact timing with the bearing 9 can be delayed since a
side contacting with the bearing 9 is inclined. Accordingly,
although the rotation angle of the crank 6 is small, a large
stroke distance can be accomplished, and thus the catch 7 can
be surely moved to the standby position.

According to the forcing mechanism of this embodiment
that can obtain a large stroke distance although the rotation
angle of the crank 6 is small as explained above, the operation
of the energy-storing unit is not disturbed. Therefore, the
forcing mechanism of this embodiment is quite suitable as an
insurance mechanism of the energy-storing unit, i.e., a
mechanism that follows the original operation of the energy-
storing unit.

Other Embodiments

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the methods and apparatuses described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the disclosures.
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The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall
within the scope and spirit of the inventions. For example,
another embodiment of the present disclosure is an on-load
tap changing device including the energy-storing unit with
the above-explained forcing mechanism.

The shape of a contacting portion between the loading cam
and the bearing can be changed as needed, and by adjusting
the loading torque of the forcing mechanism and the rotation

5

angle, etc., of the bearing and that of the loading cam, the 10

shape of the loading cam can be designed in accordance with
necessary loading torque for changing of the tap changer.

More specifically, as illustrated in FIG. 5, instead of the
loading cam 17 in an isosceles triangle shape, a thin square-
bracket-shaped loading cam 18 may be used. According to
such aloading cam 18, as illustrated in the graph of FIG. 6, the
loading torque can be further reduced.

Meanwhile, when the rotation angle in a stroke distance is
compared between the loading cam 17 and the loading cam
18, as illustrated in FIG. 7, the forcing mechanism with the
loading cam 17 is advantageous. In the graph of FIG. 6, the
forcing mechanism with the loading cam 18 has the maxi-
mum stroke distance set at the rotation angle of 40 degrees,
and the forcing mechanism with the loading cam 17 and the
conventional forcing mechanism have the final stroke dis-
tances substantially matched with each other in respective
configurations.

DESCRIPTION OF REFERENCE NUMERALS

1, 10 Drive shaft

2, 11 Eccentric cam

3 Spring

4, 12 Hoist case

5, 13 Energy-storing case
6, 14 Crank

7,15 Catch

15

20
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30

35

8 Protrusion
9, 19 Bearing
16, 17, 18 Loading cam

The invention claimed is:

1. An energy-storing unit forcing mechanism, the energy-
storing unit comprising:

an eccentric cam linked with a drive shaft and moving in
synchronization therewith;

a hoist case which is linked with the eccentric cam and
which reciprocates linearly in synchronization with the
eccentric cam;

a spring attached to the hoist case;

an energy-storing case which is linked with the hoist case
through the spring and which reciprocates linearly in
synchronization with the hoisting case;

a crank which is linked with the energy-storing case and
which rotates in synchronization with the energy-storing
case; and

a catch that is engaged with the crank at a predetermined
standby position to lock a rotation of the crank and to
compress the spring,

the forcing mechanism comprising:

a protrusion attached to the eccentric cam;

a bearing attached to a tip of the protrusion; and

a loading cam attached to the energy-storing case, the
loading cam directly contacting with the bearing to
rotate the crank through the energy-storing case, and
move the catch to the standby position.

2. The energy-storing unit with the forcing mechanism
according to claim 1, wherein the loading cam has a cam
shape that is an isosceles triangle.

3. An on-load tap changing device comprising the energy-
storing unit with the forcing mechanism according to claim 1.

4. An on-load tap changing device comprising the energy-
storing unit with the forcing mechanism according to claim 2.
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